Background Some studies suggest that weight gain in childhood may increase the risk of chronic diseases in adulthood, and recent studies have noticed that the timing of weight gain may be related to its longterm consequence. However, weight gain in childhood has clear short-term benefits, and the literature on the pro and cons of weight gain in childhood is limited.
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Background Some studies suggest that weight gain in childhood may increase the risk of chronic diseases in adulthood, and recent studies have noticed that the timing of weight gain may be related to its longterm consequence. However, weight gain in childhood has clear short-term benefits, and the literature on the pro and cons of weight gain in childhood is limited.
Methods
In 1982, all 5914 hospital births (over 99% of all deliveries) occurring in Pelotas, Southern Brazil, were identified and studied prospectively on several occasions. In 2004-05, we attempted to trace the whole cohort and information on offspring birthweight was collected. Conditional growth modelling was used to assess the association between offspring birthweight and weight gain from birth to 20 months, and from 20 to 42 months.
Results
In 2004-05, we interviewed 4297 subjects, with a follow-up rate of 77.4%. This manuscript includes data from 848 women who had already delivered a child and 525 men who were fathers at the mean age of 23 years. Maternal birthweight, weight and length for age Z-score at 20 months of age were positively associated with next-generation birthweight, whereas paternal variables were not related to the outcome. Conditional growth modelling analyses showed that women whose weight gain in the first 20 months of life was faster than predicted had heavier babies, whereas paternal weight gain was not associated. The association was strongest for mothers whose birthweight for gestational age was in the lowest tertile.
Conclusion Maternal, but not paternal birthweight and weight gain in early childhood are positively associated with next-generation birthweight.
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Introduction
Birthweight is an important determinant of child survival. 1, 2 It also has long-term consequences: adults born with a low birthweight have lower human capital 3 and are at increased risk of some chronic diseases. 4, 5 The literature suggests that every 100 g increase in maternal birthweight leads to a 10-20 g gain in offspring birthweight. [6] [7] [8] [9] [10] [11] [12] [13] [14] Paternal birthweight has also been associated with offspring birthweight, but this association is not as strong as for maternal birthweight. 9, 10, [15] [16] [17] [18] Fewer studies are available on the effect of parental post-natal growth on birthweight. Two reports from the UK have assessed the effects of leg length, a proxy for childhood nutritional status. Martin et al.
14 observed that maternal height and leg length in childhood were positively associated with offspring birthweight, whereas Lawlor et al. 19 reported that maternal leg length in adulthood was positively associated with offspring birthweight regardless of maternal birthweight. Hyppönen et al. 10 used data from three generations of the 1958 British National Cohort and reported that maternal height at age 7 years, but not body mass index, was associated with offspring birthweight. A joint analysis of four cohorts from lowand middle-income countries, including our own, showed that maternal weight and height for age at around 2 years of age are positively associated with offspring birthweight. 6 To our knowledge, no previous studies have assessed the associations of parental size or weight gain at different ages on offspring birthweight.
In developed countries, most small for gestational age (SGA) infants catch up in growth during the first years of life, 20 whereas in developing countries this is not as common. 1, 21 Catch up has clear shortterm benefits, including lower mortality and fewer hospital admissions. 22 Higher systolic blood pressure has been reported among subjects who were lighter at birth and showed rapid weight gain after 4 years of age. 23 Insulin resistance 24 and endothelial dysfunction 25 have also been reported to be related to rapid growth. This conflict between a positive effect of catch-up on child health and a detrimental one on adult health was described as 'the catch-up dilemma'. 26 More recent evidence suggests that the period when rapid weight gain occurs is important, because weight gain in the first 1-2 years of life may have beneficial effects whereas later weight gain is associated with higher risk of obesity and chronic diseases. 6, [27] [28] [29] The present study was aimed at assessing the association between rapid weight gain in different age ranges in early childhood and offspring birthweight. We also investigate possible interactions between parental weight gain and intrauterine growth restriction (IUGR) or stunting.
Methods
All 6011 hospital births occurring during the calendar year 1982 were identified in Pelotas, Brazil (current population 320 000) by the research team. The 5914 liveborns were examined and their mothers interviewed. Birthweight was recorded by the maternity hospital staff using calibrated scales; low birthweight was defined as <2500 g. Gestational age was calculated according to the recalled date of the mother's last menstrual period, and preterm birth was defined as gestational age <37 weeks. Children whose birthweight was below the 10th centile for gestational age and sex, according to the reference developed by Williams et al, 30 were classified as having IUGR. In 1984 (mean age 20 months) and 1986 (mean age 42 months) all households in the city were visited in search of cohort children; 87 and 84% of the original cohort were located, respectively. Standardized interviews were carried out in each round and children were weighed using a portable spring scale with an accuracy of AE100 g and had their length (1984) and height (1986) measured with a portable stadiometer.
From October 2004 to August 2005, we visited all households located in urban area of the city. For those who had not been located and were not known to have died, we used the last known address and existing databases (including universities, secondary schools and telephone directories) for another attempt. Subjects answered a questionnaire on sociodemographic, health and behavioural variables, as well as on whether they had had any children and birthweight of all children. In the present study, we used information from the first live-born child. Further details on the methodology of the study are available elsewhere. 31 Because the ages of children seen at a given followup visit varied slightly, we used Z-scores of weight for age and sex, using the 2006 WHO growth standards. 32 Stunting (low height for age) and underweight (low weight for age) were defined by using the -2 Z-score cut-off. Birthweight for gestational age Zscores were also calculated. As Williams et al. 30 did not provide the mean birthweight and standard deviation for each gestational age and sex group, the 50th centile was used as the mean birthweight, and the standard deviation was estimated by subtracting the 10th from the 50th centile and dividing by 1.28.
Mean offspring birthweight for different groups was compared using analysis of variance. Analysis of covariance (ANCOVA) was used to adjust for possible confounding variables, testing for heterogeneity and linear trend. The multivariable analysis was based on a conceptual model with three levels of determination: (i) socio-economic and demographic variables (family income at delivery, maternal schooling and maternal skin colour); (ii) birth condition INTERGENERATIONAL EFFECT OF WEIGHT GAIN IN CHILDHOOD ON OFFSPRING BIRTHWEIGHT (birthweight, gestational age and intrauterine growth); and (iii) nutritional status in childhood (height and weight/height Z-score). Because family income and maternal schooling are highly collinear, the latter was not included in the model that assessed the adjusted effect of family income. However, when assessing the effect of variables located in the other levels, all variables from the first level (maternal schooling, family income and maternal skin colour) were included in the model.
The analyses took into account the correlation between weight gain in subsequent age ranges, as well as regression to the mean, by using conditional growth modelling. 33, 34 First, birthweight for gestational Z-score was used to predict weight for age Z-score at 20 months; the residual or difference between actual and predicted weight Z-score, for each child, was calculated. The regression equation that assessed the effect of weight gain in the first 20 months on offspring birthweight included parental birthweight and this residual. Next, weight for age Z-score at 42 months was predicted from both birthweight and weight for age Z-score at 20 months; the equation for offspring birthweight included parental birthweight, the weight residual at 20 months and the weight residual at 42 months.
The following variables were also included in the analyses as potential confounders: family income at delivery: total income earned by family members during the month before the interview; parental schooling at delivery: years of schooling completed with success; maternal smoking during pregnancy (non-smokers, 0-14 or 15 cigarettes or more per day); breastfeeding duration: the age at which breastfeeding stopped completely.
Separate analyses were carried out for women and for men who had fathered a child by the 2004-05 visit. One does not expect the post-natal growth in males to affect offspring birthweight; their inclusion in the analyses is aimed at testing the specificity of findings relative to the growth of young women, thus contributing to rule out confounding effects.
The confidentiality of all information was ensured and informed consent was obtained in all phases of the study (verbal consent in the 1980s and written consent in 2000). The Medical Ethics Committee of the University of Pelotas, affiliated with the Brazilian Medical Research Council, approved the study protocol.
Results
In the 2004-05 follow-up visit, 4297 subjects were interviewed. Added to the 282 known to have died, they represented a follow-up rate of 77.4%. Table 1 shows that follow-up rates were independent of birthweight, sex and maternal skin colour. On the other hand, children born at either the upper or lower ends of family income distribution and those whose mother had 512 years of schooling were less likely to be traced in adulthood. At the 2004-05 visit, 848 women had already delivered a child, and 525 men were fathers. All analyses are restricted to these subgroups, who were considerably poorer than the cohort as a whole because early parenthood is associated with low socio-economic position (data not shown).
In 1982, the prevalence of low birthweight, preterm delivery and SGA among parous women were 8.0, 4.1 and 16.7%, respectively. About 16% of the women were stunted at 20 and 42 months of age. Offspring birthweight was positively associated with family income and maternal birthweight. After controlling for socio-economic status, the offspring of IUGR women were 252 g lighter than those whose birthweight for gestational age was above the Williams mean curve. Maternal stunting at 20 months was also associated with a lower birthweight in the next generation, even after controlling for confounding by socio-economic status and maternal birth conditions. On the other hand, stunting at 42 months and underweight in the childhood were not associated with offspring birthweight ( Table 2) . The association between maternal family incomemeasured at birth-and offspring birthweight was largely mediated through intrauterine growth retardation and stunting in childhood. After controlling for maternal intrauterine growth and length for age Z-score at 20 months, the mean difference between the third and the first tertile of family income was reduced from 142 to 34 g [95% confidence interval (CI): -97 to 165). Adjusted for maternal skin colour, maternal schooling and family income at delivery, birthweight and gestational age.
INTERGENERATIONAL EFFECT OF WEIGHT GAIN IN CHILDHOOD ON OFFSPRING BIRTHWEIGHT
Unlike what was observed among women, paternal variables were not related to birthweight in the next generation (Table 3) . Table 4 shows the results of conditional growth modelling. Weight gain is expressed in Z-scores of the difference between actual weight and that predicted from earlier weights. Women whose weight gain in the first 20 months of life was faster than predicted had heavier babies, whereas paternal growth showed no such effect. No associations were observed between weight gain from 20 to 42 months for either mothers or fathers. In Figure 1 , the same results are expressed in terms of kilograms, i.e. the equation predicted the weight in kilograms instead of weight for age Z-score. Women whose attained weight was 41 kg below what would be predicted delivered babies who were on average 176 g lighter than those whose attained weight was 41 kg above the prediction. Table 5 shows that the effect of maternal weight gain in the first 20 months of life was strongest among women whose birthweight for gestational age Z-score was in the lower tertile (regression coefficient 126.9; 95% CI: 52. 1-201.8) , that is, those who showed catch-up growth. No associations were found for weight gain between 20 and 42 months. Table 5 Conditional growth analyses of next-generation birthweight according to maternal weight gain in childhood, by maternal birthweight for gestational age Z-score Regression coefficient for next-generation birthweight (g) and 95% CI Maternal birthweight for gestational age Z-score 1st tertile 2nd tertile 3rd tertile Weight gain from birth to P ¼ 0. No associations were found for weight gain between 20 and 42 months (data not shown).
Independent of the length-for-age Z-score at 20 months of age, maternal weight gain from 20 to 42 months was not associated with offspring birthweight. Similar results were observed when the analysis was stratified according to weight/length Z-score at 20 months (data not shown).
Discussion
The prospective nature of the study, its population basis and the use of standardized methods for anthropometric evaluation in infancy reduced the likelihood of selection and information bias. Possible confounding factors were also measured in childhood. On the other hand, we relied on parental recall of the offspring birthweight, but previous studies in the city showed that recall was reasonably accurate, with about 80% of the mothers recalling the birthweight of their child within 100 g of the real value. 35 This study also reported that recall was not related to family socio-economic status. Information bias would only affect our results if there was differential recall of birthweight according to parental birthweight or catch-up growth in early childhood. Furthermore, as previously described, our sample was poorer than the whole cohort. Because the effect of weight gain in childhood was similar among socio-economic categories, we do not believe that our results were biased because fertility was higher among lowincome cohort members.
Concerning the intergenerational effect of maternal birthweight, the consistency with previous studies [6] [7] [8] [9] [10] [11] [12] [13] [14] and the dose-response effect support the hypothesis of a causal association. This is reinforced by the specificity of the association, as paternal birthweight did not have an effect on the offspring.
The literature is scarce in relation to associations between parental nutritional status and offspring birthweight. 6 To our knowledge, no studies investigated whether nutritional status or weight gain in different ages in childhood had similar effects on offspring birthweight. This is the main contribution of the present analyses. Our findings were specific for mothers, and an effect was detected at 20 but not at 42 months. Being heavier or taller at the age of 20 months, or gaining weight rapidly from birth to this age, was associated with higher birthweight in the next generation. The use of conditional growth models took into account the association between weight gain in subsequent age ranges, a problem that affects many studies of the long-term consequences of childhood growth. This finding reinforces the other beneficial effects of weight gain in the first 2 years of life in low-and middle-income countries. 6 The classic use of the term 'catch-up growth' implies that the infant or child presents accelerated rates of growth following a period of growth failure. 36 Nevertheless, this term has been frequently defined in reviews and research reports as weight or length gain above a certain parameter, independent from nutritional status at the beginning of the period. 5 Most studies, therefore, have failed to separate the effects of catch-up growth from those of rapid growth per se. We were able to assess catch-up by stratifying the analysis according to birthweight-forgestational age Z-score; and observed that the most marked effect of early weight gain occurred for mothers in the lowest tertile of birthweight for gestational age. On the other hand, there was no difference in the effect of weight gain from 20 to 42 months on offspring birthweight according to maternal stunting at 20 months.
Because the association between maternal weight gain in childhood and offspring birthweight, among those mothers whose birthweight was in the lowest tertile, persisted after controlling for maternal height, body mass index and parity (regression coefficient 102.0; 95% CI: 21.4-182.7), our results suggest that the effect of catch-up growth is not mediated by maternal size in adulthood or parity. There is some evidence that growth in early childhood is positively associated with vascular function. 37, 38 Therefore, weight gain in the first 2 years of life would influence vascularization of the mother's placenta, increasing offspring birthweight. A more plausible explanation concerns the size of the reproductive tract. Ibanez 39 reported that uterine size is reduced in girls who are born small; hence, they may exert greater maternal constraint when they in turn become pregnant.
Previous analyses of our cohort data show that rapid weight gain in the first 2 years of life has short-term benefits on morbidity and mortality. 22 A recent set of analyses from five low-and middle-income country cohorts, including our own, 6 confirmed the associations between early nutritional status and human capital outcomes, and the importance of the critical growth window from conception to 2 years of life. This review also suggested that weight gain in later childhood may have more harmful than beneficial effects. 6 Our results confirm these findings, showing for the first time that weight gain in the first 2 years, but not from 2 to 4 years, is associated with birthweight of the offspring. The prevention of early undernutrition is a valuable investment that will influence future generations as well as the present one. 
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